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(54) IfZVXDZfo] L E D^-^.<D®^Jtig 
(57); 

S5t W4 lc<t IC J; ? T, <fc U 2£fl©JI t *3fc tf- A 
M-?Z>'PtZ< til l ~3(DL E DIC.fcoTtftJg3ft.5Ci: 




( 2 ) 

1 

Btt(cE«Snfc**l-»*iJt«^-*^-f*-K (5) © 
t'-A#. ^m«<£qa»R-r €.'>/<$:< <h=b 1 -DCDBJfcttH 
ICcfc-SS^ICcfcoT, 4;y;J&:R©:ftOftt:-Alcg&;* 

t'-A^WfefStfta^snsffcie©, LEDt- 

msHDatnm***- h (5) ©e-Aia, 10 

1 0©g#W4 (7) C«t-aT®iRan. 

ttlOOLED (8) iZ£?Tmi£$tlZ>ZtZ$m 
ft&. L E D^-X©Wbtil£ 0 

(7) CJ:oTlWE(0*#M*y-f*-K (5) ©t'-A 

*i»iRu. cnic <t y r g Bgas?iji lt6mkw 

[fS#JS3] Kfe*tt«-r*»3t«« (7) IC<toT 

miEO!)*>Mii^-f*-H (5) ©£-a«imiu en 20 

(7) CioTllMEO**M»^-f*-K (5) ©t-A 

M$]Jf 1 lcE«©iBttJte». 
[ffiifcJSS] WIE0!)*>H»*«kiRr*»5t*#S (7) 
14. mEOKfta^'f*- K (5) *»6*PHUT»iJf* 

i*&ftfc*»»i*sfcttaw©:7 r u-h (6) izmmz 

30 

Ig^H 1 CE«©1itt*». 
[«^II6] WfefcttJHir-SL ED©{@»I4, S^ift 

[Ut*H 7 ] lWE©»fe*tt»*r * LED (4iBtt ICE 

m&m i icEK©®tt3tai. 

[f»3}*Jl8] TOE©»ftftttWr*L EDI45-f >tt 
ICESSftTO-5, 

W*JS l EEtt©Hitt3ta5. 40 
[»*3J(9] Wfe^J5«-r-5L ED©7-f> (9) 

IS*H 8 tEtE©®«3tiS. 

1 0 ] »fe*» WT <B LED ©'>£ < 1 1> 2 
•=>©5-T >I4. *- K©iB©J8*ffl£afc*/T 

EH£*lTO§. 
II^II 8 CEIE©WK%X. 
[tt#JJ! 1 1 ] «*HI^-f*-KtUT. SiC@*£ 
±©GaN^-^OLEDA<tffl$n§. 50 
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Sf*H 1 lcEK©lS«3t*. 

[es^js 12] i ftoxftifttttt© tf-*»jw» 3 o 

0 ~ 4 0 0 n mT'fo V . 

Wfe&M© 4 3 0-4 9 0 nmTftU, 

»fe*5«fctf*fe©»3ttt«©2JftttJW3&«. 5 10-56 
0 nm/«£UU4 5 9 0~6 8 0 n m©fc?-£?&ft£W3' 

1 CES©®tt3taS. . 

[m#jjM 3] tf-A©»feja»©a^«» st^ae 
-A©ffijft©aiit©T(7*)ti*. 

1 l=EK©iBtt3t5B. 
[R««l 4) jM^tfc^fe©^^©**** 
^ h;H4. *fc< lc*fe L E D©tt#*;*'*£ 

IS^JS 1 lcEK©®«3t3®. 
[%P^©P$Bl/«!:UtB^] 
[0 0 0 1 ] 

[*W©«-r«««#5] *36WI*, afeaHStfUfflf 
•5. L E D^-X©Mtt5t;JilC^U. CCT*I4®«ICE 

5T, «t 'Ji£fl©:IIO?th*-A|C^J&£;n, C©Jtt*- 
A**?ffeJ5K»<!:iS^$tl*. c©S«3ts«tt, flAtf. 

7;u*5-Tfu/rc#, KiMfa«w-r«9J©afflicM 

[0 0 0 2] 

[?*Eifc©}£?i|&] J P - A 7 - 1 7 6 7 9 4* 
L E D^-^©®«3taS^»1T»y, CCTi4WfeL 
EDCioT. »fe-*fe©*5£«fil::J:5»#ttJ!j:tt 

«hl4T£/«CO. 
[0 0 0 3] £yA»fcfeS»****Jt«W«*tfc=i 

^Jf$J5E-r-5fe©ICjiSife-^fe-Wfe (RGB) ©S^fe 

at«fflsn«. c:©js^, *fe<hafe*»t»-r-5 2-p© 

»3tt«»©»»Wa:S»©fc©IC»feL E D?:^fflplfig 
T3b2>fr (WO0 0/3 3 3 9 0) , Sfcl4Sfe^a*S* 
WT*L EDtfflMBSft. COLEDCiO. » 

Wfttfim&ZHZo CftlCOt^TteWO 9 7/4 8 1 3 
8*#H£tlfcli. «*.tf5<OttJM8 (Linienemitte 
r) I4YOB : Ce, Tb (86) *5«fctfYOS : Eu 
fe) T**. UtfiUfttf&CCTttK^a^a&ip (Quan 
tenausbeute) *3lJ*T**«t 5l=^*fc©lCitRWa 
R©»SIVKJH (KftftfRigO 7 0 nm) i&t&BTft 
*. C©fc»lCjg*f.«-LEDIC«LT. ItoTli* 

•y- 7 7 -f 7 mm & & m u & i * n tf e> & i * c t c a « . 

C.niC)t=JUTeffi/«tS i CSI©^-XCM$S-LE 



D£«ffl-$-«»iJtev, 3 8 0~4 .2. 0 n m©1IiIlc©#aiT" . 

[ o o,o 4 3 $ $ ice .vTdgWW^Pjpid:* \ Wfe t* - A 
^^3fc»^9J!ftiRtt^&*jilT* -5 c" £ Ivct * t> © 

"<D»S%*WSItr*WlC*#«:«il»^^ IT L£ 5 ©T 10 

_ re. , ■ • 

. .[0,0,0.5.]' , ■ .J. UfiJ -V lr ,-... , . 

^^£iStftLT\ C©B«3fe2&lc«fc oTSlW©JRS 

Waiua-r* £&izz<Dw&.ytffiwm%m-?$>z>j: 5 ic-r 

[0 0 0 6] 

*lV C © Jfc tf- A*tWfefi£»i m-B; $ *a 3 ^SC©', r L ,E 
©£-Ali, frtt< it> 1 o ©&tt#*4 ic J; o TflSiR $ 
& < <h 1 O© L E D let ^> Ti±t*g$tl-S C i^SSi 

■f** l e d ^-^©pf«3taE*«na"r,* ? £ 

[ o o o 7 ) mzmnmmmmmummmmmziim^ 
*IXI\$. . ....... 

to o 0 83 - 

t&w<pmmcDmmi m^nm^iz us-a 5 6 1 

9 3 5 1 ICteUTiEtE34aTt\-5®«3taili, LCD© 

D $ #-5. "c ©fc «> (C C© 7 L E d icg£ 
^^.,*Ci:Atl^(C$n-5©T$>-5«,, • , 40 

1 0 6 0 9 3 *KWT?liR G BJSifSrffiffl UZi. 

K*$hfc^©Sl^y-f^--K©e-A*t, §fct« 
*4t«t$S!«ilc«t-pT. J: y;&ft©l|ivftlcg&;*ft 
•5. uCTf^(!:IJ3 0 0~4 2 0 n rr\Offiigi<D Z £ 
T'hZ>£?%. &tt8g^*-K©f-Aia. JSfi (W 
fUlCtttr— £ife34.ifrg#5 1 0-5 6 0 nmT»5. 00 
AtfSrAI, O, :Eu 2 + g/clSEu 2 * ^-^©5 L ^" 
jffL'-h (Thiogallate) ) fi&ZmmTZmXtt 
*4 <**UlCfi 5 9 0 nmJU±6 9 0 n 50 



< 3 ) «W 2 0 0 3 - 1 4 1 9 0 5 

• 4 

mmijl"FT£>-5, MXli SrS i-i'- N •»■**: Eu 2 + ) jt'ttlc 
«t y »iR$*i. C4aic3t=t UT.»feJttttl4 J(Wf'JlCli t- 
^KlWiffifi^4 3 0~4 9 0 n mTt^-i)-). -Wfe^^Wf 

* l e Diz£-oT<&m$ftz c ^(Dmimi-^H^^T-m 

y»«lca^ h#m</«t-3;&v£ ) x-£>-&. -t©S6li, J; 
y^<©L,E D$^fflb/«Cltni^«5:t>-r\ *fc'>«:< t 
t> 2 -Z>(DCf)l-Zf im*m- L E DfccfctfWfeL E D) 
ictfl t TIEiti$iJSP L/j: Itn lite* /«c I ^^ & ^> . 
[ ooro] :-U»U«^.&a:CT4ra'E:a:itntf«E6«c 

'U© li. Wfe L E D <Dmti>&%Wm~ J r~V E D ©ffi^cfc 'J 

<tC^3ife©^^«if4<t «SnniC*^- C «!: IC«fc o TI5*^ 
«-iCt>.. c:ne»©RG^7tm'4lCck-S; L E D©W 
fet'-AWgp^/jqSiR^IeJig-r-SCi^T^^. U/L 
jP7TJ:Udrmi=ia hTSft^©«fcxV3tag$s«Cli^ 
T'$^.„ CtllSg^6*llc^|Ct5^© t t^«:fiJ^|c^0Co 
<. t6bM«-LEDiH, 3 8 0 nmJUT© 

SA*tt;-^$:wr-5-y-77-r7 sts ±© ffi<i/«cm^is - 

L E D©ft*?.y-lC 3 8 0~ 4 2 0. n m©&§=te — ^7$: 
W"3*-5 S i CBfljEJ:©3?fiIli££GaN'< — >?,© LED (Wf'J 

-tnttai^»--L e D©«t«x^^ .^vi; --Ji^icj: ^ 

iOtrfftftifty^lMJ:; m*\-m&^& (>3 8 0 n 
m) .|Cffi^-$;*.|8HcS[l>«»^<t)fc6-r©-T*-5*t. C 
©Stt y ^i\tt*Jiw©a >-tr^ hT-iSf5l©^iP'bai^ 
Z\tllzttLTm-£iZj:-3TlZffiX£ 

h m DSiSYbS'J. n e u*^ffl snstea i \ u ii 
ii*>*e&i**€;&££&iv -^6*nc*$n-5©ii. 

^^HET'«[*t$n-g>S5t«*4Tli.. mtf^4 9 0 nm 
© bf- ^ 6 BS51R© Fo^ffili t, It^&^&JBUZ $ /«£ 
bfc^oiT^B^rozjV-feT'hJi. RG 
B IC l\ Xtd V jgfflT ^ S ©T i <4 DO fi*l/«E it 
3tW4©ilffl t> & IC^A/T I \ S ©T"& ■?>,, g^©gij©ig 

ffli*. efe«»i4-r-5SE3ii«a5©s 1 © l e d ic^ijee l 

T. Wfe-Stfe-;l^©®*/j:1^3g|cSt>'€.::efe3tjli 

^iffinctTAs. ccT-iawfefdcttia, «^©w 

feL E D© 1 ;^«(Wlc«toT, ^fcSfefiSt^li. «gj© 
- L E D*^SH$nTW?'J/j:S3tW*4lcJ: y »fe 

w ^n-sciicj:^ x«$g $ n-g>. . gij©diffl is $ e> 

lC!|$^©fe<£^-r§®«5t;Ji^m4r-5C«!:T*y. C 
CTC©4$W©feia. Wfe^^iS'J©fiE»i$;g^-rs 
-ilCck oTMt -5 C t.ifi'V £ -5 . CI CTtlstfflcW 
fe^li. *SS4©WfeL E D© 1 ^jftfrtlcJ^T. ^fe 
%)<Dmftl*> tii&<D%9m- L E DAtUeStlTWflJ^: 
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5 

( i oSfcis*sia©»]©) 9tttt*mtmm?*z£iz&. 

^Ttt*g$tt<5o CCTiSflfiM©fe(S. Cttb©***}© 
;g^lC«fcoT^t.tl-5. C©cfc?/sg7ttt*4©ft#fi*)75: 
0iJTiS. »fe-$Sfe (tf'J*.IS*Sr« BP S 0 2 o :E 
u 2 + , Sr 4 A I, < 0 2 5 : Eu 2 + ) £fcl*»fe-lt 
fe£>tlS$tfe (WAtfSr. Sis N, :Ce s + , (Sr, 
Ba)SiO« :Eu 2 * ) SfclSJtfe-Sfe (mtfCa, 
Sis N b :Eu ! + , Ca, . 6 Al, Si, N 1 6 : Eu 
2 + ) (CfcUTtr-^J4W*^-5. 

[0 0 1 1 ] Mtt£f*RG£%*tt4«ffl*©**iK- 10 

l e Di=«»Eji-r*c«ta«^r«6T**. *?ijicis^fe 

DO. ttfiEZL--> h&JfcU ©fflgftlS. S^StttlS^'l':* 

-K©ffl»(c«H\ *6«tMHr« L E DtfHttlcffi 

JS3~-2> (ffl{5LI5 0~l 0 0%TW) . 20 
[001 2 ] WfeSriSm-T^ L E D(D{®n&*<l%\zig. ! M 
(Ml 0~4 0%) T#.I>©IS. »fe*«t«r-5C10 

L E D^-f^lC. L E D©SRytt(*£ft£: 

Ko^-f-^Kic-tt^xifiS-r-s. ftgy^ic 
ISA2>3S^IS. <£tftt (£;tlS¥£>T-t><fcu) ©ffiic 
J:oX?T*3tls CCTCftlSfl^W.'S.lCfcOTgteo/i 30 

^©x^r^aj^u-cfcy, cnic«ty±f*tu 
[0 0 13] UfrU&jP€>c:©&flir£KSlsT. 5-<> 

tticieg^nfeL e D#«»o^»c5iy#ve>n-5j; 

-CIS, mftm*-( *- H©W©ffili»£afe^TMI:&fC 2 

o©5-r>i4soiS^^/<£-r*\ s/ciscnb^ts]^^- 

[0014] 40 

[HJfeffS] JUTTl£**W £*«»©*»« i=»-3.\t# 

[0 0 1 5] m 1 (CIS. LCDf^7^K3©A'^ 
bfflWBttStaS 2 L C D»t*£SB 1 

a* u < » ic«bs ?ntjs y . * £ aey©^ 

ttblflZMfflZ.— y h (WAIST FT) *>l5H$lCgB&3 
ftTU5. ®tt3tjB2liS<*4*>e>/S:y. C*UCli$g*1> 
Hte'-f H 5 ©7 U-f *»5^^«lCi^— <EMPiTB« 50 
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**ito*. *{*4©|jii*icii< stf«ir*c«k©W 
HE& (<$tf?EIS*$ftXU/j:H) TtW&yu- h 6 

- h 6 IS. fflJfrjfrS AW-r«3fe*±3frfCiS-CttJH'*-* 

hX*ISC*l&©$£&-fc>* (Koppe Centrum) Jco^ 
1^- h©S®fCi9-^C#jft$1*-5C<h#X'£<5. 
¥?t©^U- hXIS, C©-fe>*©KBtt*i$— 
•5. •^h.lSCWcfc^lcL&ttniS, yu-KOS®lCt> 

©j*€Aofcffiifc. Jg7£*rux*sy. cnii$gfefccfc 

tf#fe©tt«t**r*-* 2 ^©»3t«*4©a^**>&«: 
«. ^W^-KSOJSmH-hf-A (3 9 0 nmC9tf- 
I nGaN) IS. CCTttBtfX&lc 

[0016] ^7Xf-^. PETSfcttH 

ffl©t>o*ie/«c5) sb^©^"u- h 6 <omm&-vitmyj 
i3, l e d 8<D^^>Amvi^n^tix 

fey. ^-WTtii^u-heicsj^sn. ^'u-h6©a 

®©J3^-fe>^ 1 0 m^HiZfU- h©«tliJ(C*3lt-5X 
y5 L >^BP*fclS^'-f^P7 r yXASfcl4Sia© ! fe©) 

©«fe*3J:^fe©3t<!: 2 BS'oTafelc«:5. 
[0017] LED®2^'f75, 8 IS. giJiilCSB 

(Farbort) icHSfcliLttiKESWT*:: <h#X# 

•So 

[0 0 18] ■ftft'fe.t^fijjftojiy J:i\3UH©fc»icH 
2TMS. *fiJCffifflSn*»fe*ttJWr*3f3t««Sr 
A I, O, :Eu 2 + (DWlM*.'*-!? f-JUfccfctfJSH*^;? 
hMfSntteiJ. CWS5 2 4 nmfCiaJWtf-tJ'ifc 
LTOS. COSIt^^^ h^XIS. mn(DM\% 
R (%) = 1 0 0 % — A (%) (CCXR=5l4*3ckZ>* 
A = «tiRT*S) l=jeBr*«iR«ttt>HI$lC*S tlT 

xwii!fi*iic<fffl$n§. n&zi&m-fzmftpm cba 

M i UT^P £>tlTO-5 BaMgA 1 1 „ O, , :Eu) (Dili 

T-#-g>©IS. B AM©Wfe©tf-A^«fe©^3ttt«IC 
J: o T*>/S y ©flgTPiiiR StlTlN-SCiT'^-S. C© 
rp^ffilS*^E^©r] >-b ^ h IC <fc o T^±IZEi8$ ns. 

[0 0 1 9] H»|ZB3T14. *?'JlC^ffl$n-5*fe^ 
ttW-r*»3t»«Sr, Sis N, : Eu 2 + ©i4WA^ 
^ h;U<tSt*^^j> HU^StlTfeU. CttlS6 2 3 
nmlCjAI : tbr-^;S^^ : &^--5» CCTt)C©5l4^'< 

SrJiH-r -5^^0*4 (BAM) ©Mfrt^^^ h^A<## 
ia*tiTt^*. ^©li^lCt)Wfe©t'-A©gp^6^/«j:q5 
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[0 0 2 0] 0 4 CttJWMW-fjf- K7L^^^Wr-5 

«»©£3fc4mi?^i*fc£***»e-A©«jft#iss 

( 2 ) , C<E>=£«T-|3:, (tc* 5 0{@<9) Kftlft.- L E 

d©»a«i o.%*BS$ t n, sa**^ o%isj±-r* (drir 

<\£<D*}i-XL>Wts.<t£Z>tztb) .; *<DWo V \Z\ ( 1 0 
<i) Wfe^-rf *- fftf) 1 >#{£ffl£n-5. 10 

[0:0 2 1 ] 0 5 iZCtSg^JS^-f K7-.l"f 
*^B^OS«7t^©SJ»f^.^^ h;U (f-*M4 0 5 

nm) ^Snxfel), CCT'liJttS ±|C^L 
75: R G B ^«*4^e>nc-5ei3fP©S3t«if4;l^lCcl;-5 

13. L E D (t-*»l4 6 0 nm) © 

5-f >a«A*»«*n* (2) . commit. &m&}\z 

£*lSo C©fc»lCteWfet:-A<E>fi£#£, 3ffe;fcJ;tf 
^fe©B)t»lCj:t'<T^ISlC^< UttU-ftlift&tt^. * 20 

[0 0 2 2] C(DI|f^Ul^;g^S^5*lC*flJlC^^ffl•r-S 
7t£>lCte. Wferoi;^t-A (LED) <D'J>U<£<b — 

&< £*> 1 -P**. Wfe© 1 ;^t'-A^T-$-5^U^± 
icCftiRT^. tf-AS&ICfcttSWfet'-Aroil^^Sl 
(D^liCtoTtr^ClilCt^T. TiL-J&MCfffet'-A© 

[01 ] 
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HWlc}I*$ft&Wfet'-A©;:<DgPtfl;j:, fcjftfctr- 

AtifiiDsn***." c ntt*e©»3t««icj:6T. * 
ft t>-r a> ic is m&v kit m$ ic j: o tswr $ n-s c t 

[0 0 2 3]- £38© c i n ^-fe^hiijtfe© 
I0JS©ttPfckw] I V j_ j 
[0 2] m&zi&MT^miK:m-4<Dmi&£zfzimx'<. 
[0 3 ] m&zmm&%mftttm(Di&m3$£zt!xmx'< 

[04] .*»W<opWq.ii'^ h©tt|W^^^ fit 
3I50JH WA- 7_h i Jttt L,TStS@T*5. 
[0 5] 0#©W 1 fe^<£wV-51S^<t> WU/«tlMi^ 

r«HTi»*. - •■ ' ! ■! 

1 L C Dg^gf 

2 WW?tM 

3 LCDf^77W 

4 g# 

5 SSrt*^*-K 

6 h 

7 ■ 

8 Wfe£Mhf--5 LED 

9 W6LED*»b/j:l.5-f> 
1 0 J3^-fe>* 



3 



4$6B 2 0 0 3 



-14 19 0 5 
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